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There  are  a  number  of  factors  which  should  be  ^^n'^i^'^r'^'^  in  '-h^-fi^hy-  „„    \ 
drat  ion  of  vegetables  in  order  to  make  a  dried  product  v/hich,  when  rehydrated, 
ViTill  closely  resemble  the  original  fresh  product  in  color,  flavor,  text 'ore, 
cind  nutritive  value,. 

ViiRIETY  OF  VEGETABLE:. 

The  freezing  and  canning  industries  have  known  for  some  time  that  only 
certain  varieties  of  vegetables  can  be  successfully  processed,  and  the  import- 
ance of  using  selected  varieties  in  the  dehydration  industry  is  equally  great. 
Some  vegetable  varieties  acquire  a  distinctly  bitter  flavor  when  dried,  v/hile 
others  lose  considerable  color  and  flavor  as  a  result  of  the  combined  blanch- 
ing and  drying  process.  Satisfactory  typos  are  usually  v/ell  colored,  possess 
characteristic  flavors  and  arc  high  in  vitajnin  content .  V/eakly  colored  and 
flavored  vegetables  are  unsatisfactory, 

STriGE  OF  u-J;JRITY;  -  -■■  - 

iifter  the  proper  varietal  selections  have  been  made,  the  next  step  is 
a  consideration  of  the  stage  of  maturity  of  these  vegetables.  Vegetables  in 
their  optimum  stage  of  maturity  should  by  used^  immatui'e  vegetables  are  weak 
in  color  and  flavor,  and  overmature  vegetables  are  usually  tough  and  woody, 

HnhVESTIIIG: 

Green  vegetables  to  be  used  for  dehydrating  should  preferably  be  har- 
vested early  or  late  in  the  day,  to  avoid  heat  and  direct  rays  of  the  sun, 
and  brought  to  the  dehydrator  as  quickly  as  possible  to  Jivoid  deterioration. 
As  an.  example,  .experiments  have  showi  thiit  a  high-grade  spinach  v;ill  lose 
much  of  its  vitarain  C  (ascorbic  acid)  content  \;ithin  six  houi^s  aft^^r  cutting. 
Green,  leafy  vegetables  v^hich  have  been  harvested  for  several  days  v;ill  not 
give  satisfactory  deh;^'-drated  products..  Newly  harvested, mature  white  pota- 
toes are  higher  in  vitamin  G  than  those  -v/hich  have  been  stored  for  several 
months j  some  varieties  of  sT-reet  potatoes  after  storage  for  two  to  three 
months  vdll  darken  when  dehydrated.  Comparable  changes  occur  in  other  vege- 
tables during  storage. 

If  it  is  not  possible  to  begin  processing  of  succulent  vegetables, 
such  as  peas,  verj-  shortly  after  harvesting,  tliey  vxa.j   be  placed  in  cool 
storage  at  about  40°  F.  or  packed  with  crushed  ice  and  held  thus  for  12  to 
16  hours  without  serious  deterioration, . 

DELi^YS  BETV/EEN  HiLHVESTING  aND  PROCESSING  TEi©  TO  LOVvllR  THE  QUALITY 
OF  THE  FIK..L  PRODUCT.. 


PREPARATION; 


Freshly  harvested  vegetables  must  be  properly  prepared  before  going 
into  the  dehydrator*   Such  preparation  includes  washing,  sorting,  triiming, 
neeling,  coring,  slicing,  dicing  or, shredding  and  blanching.  These  prepara- 
tion st-ps  should' be  carried  b'Ut  vdth  suit-able  mechanical:. equipment  free  from 
contact  with  copper,  galvanized,  irori..  or  other  metals  which  tend  to  destroy 
flavor,  color,  and  vitamins*.  ■■l^-,e:wa^ii- vhater  should  be  oi  potable  quality, 
as  cool  as  possible,  "and  soft  ..rathOT.  than  hard.  ;■ 

The  line,  consisting  of  preparation  machinery  and  conveyor  belts, 
•should  be  so  arranged. that  the  incoming  fresh  vegetables  are  carried  through 
the  several  steps  at  an  even  rate  of  ^  flow  ■•  and  the  filled  trays  go  .-xnto  the 
dehydrator  without  unnecessary  delay.  If  the  prepared  vegetables _ cannot  be^ 
blanched  im^aediately,  they  should  be  held  under  clean,  cool,  runn:Lng  water- 
or  Jn  a  l^r  2^  salt  solution.   In  no  case  shc5uld  the  unblanched  product  be 
held  more  than  three  hours  prior  to  dehydration. 

Equipment  must  be  arranged  as  to  be  accessible  in-all  parts  so  that 
•thorough  cleaning  with  steam  and  hot  water  is  possible.  Insanitary . conai- 
-tions  in  and  aroLd  the  plant  may  lead  to  rejection  ^f^^^l^f^^^f -J^.P^f  ^-"^^ 
seizure  of  thq  product  or  criminal  prosecution  under  the  Federal  or  St..tc 

Pure  Food  Laws. 

TRAYING;  ,.  "  .  '  . 

Prepared  vegetables  are  spretid  evenly  on  suit.able  trays  and  the  amount 
of  loadin-  is  particularly  important.  The  general  practice  of  overloading 
fra^slo  ^incJease  the  capacit^  of  the  dehydrator  is  ^-^f  ^j;-^'  ^-^  ■ 

tables. 

Metal  or  v.-cod  trays  having  bottoms  m.ade  of  #4  or  #6  ti-;»^^  ^^J*^^^ 
Cloth  .arc  best,  f^^^f^^^Z^^-^^  "orln:!^"!;  ^^^ ^^^ 
r?-  x1^  are  "ordinarily  us  dVm..n;he  loaded' trays  are  stacked  one  on. 

■  tables  is  not  Greatly  retarded.  • 

■  All  vege tables,. vith  the  exception  of  onions,  shou.ld  bc.proporly; 
steam  blfnohed'for  va^^lng  lengths  of  time,^  depending  on^thovegetabe^. 
used  and  the   siz.  of  the  Piecos.     The  P-pose  of  b^ch.ng  ..^to^.n^c  ^^^^^^ 

This  blancnmg,-.  or  partial  prccoui-.iiit^, 
reconstitution  of  the  dried  products.  * 
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Blanching  is  ordinarily  carried  out  in  stearii  of  sufficient  flow  to 
heat  the  product  to  200°  F.  within  one  minute.  Y/ater  blanching  has  been 
.reconmended  for  certain  ■vegetables,  but  this  procedure  tends  to  remove  con- 
siderable soluble  solids,  color  and  water-soluble  vitamins.   Blanching  in 
hard  water  toughens  the  .vegetables  and  soluble  iron  salts  v/ill  discolor 
them.   So-called  "series"  water  blancliing  has  been  recommended  vvhere  the 
blanching  water  is  repeatedly  used  until  soluble  solids  in  the  water  have 
been  increased  to  1*  or  l.S"  Brix,  Although  this  technique  reduces  to  some 
extent  the  loss  of  water-soluble  vitamins,  such  loss  is,  nevertheless,, 
greater  than  in  steam  blanching. 

The  length  of  blanch  for  each  individual  vegetable  is  important ► 
Under-blanching  does  not  give  the  desired  results,  v/hile  over-blanching 
makes  the  product  "mushy"  and  hard  to  dry.     The  vegetables  should  be  sub- 
jected to  direct  contact  \a.th   live  steam,  and  the  timing  of  blanching  should 
not  be  started  until  the  blancher  temperature  has  reached  185"  F.  or  higher, 

DRYING;   . 

The  tunnel  typts   dehydrator  is  especially  designed  for  continuous  opera- 
tion. Where  labor  supply,  legal  restrictions,  or  other  causes  prevent  such 
operations,  tne  cabinet  or  batch  dehydrator  is  m.ore  satisfactory.   Using  the 
cabinet  type,  it  is  possible  to  mal:e  two  runs  per  day  of  many  products, 
keeping  a  full  w'orking  force  only  during  a  reasonable  working  period. 

The  spray  and  drum  types  of  dehydrators  give  products  in  a  powdery 
or  flaky  form.  Such  products  are  of  value  in  some  soup  stocks,  as  condi- 
ments or  for  other  uses  -..'here  size  of  the  piece  is  unimportant. 

Vacuiini  dehydrators  are  in  use  to  a  very   limited  extent.   They  may 
operate  continuously  or  as  a  batch  process.  Temperatui^es  used  extend  below 
the  freezing  point  of  the  material  to  be  dried,  up  to  perhaps  as  high  as 
115-120"  F.  Vacuum  dehydrators  require  large  amounts  of  metal  in  proportion 
to  output  of  product,  and  they  also  require  considerable  auxiliary  equipment, 
particularly  in  the  form  of  vacuum  pumps  or  steam  ejectors. 

From  the  economic  standpoint,  the  selection  of  any  type  of  dehydrator 
depends  primarily  upon: 

(a)  The  cost  of  equipment  and  installation  per  unit  of  output. 

(b)  Operating  ct.'St  per  unit  of  output. 

At  present,  the  tunnel  type   of  dehj^drator  is  most  generally  uscd,. 

The  time  required  to  dry  vegetables  in  a  tunnel-type,  hot-air  dehy- 
drator C'nd  the  daily  drying  capacity  of  the  same  dehydr£:tcr  are  inseparably 
related,  so  that  any  change  which  affects  tlie  one  \r±±±   affect  the  other. 
Considerations  of  quality  favor  rapid  drying.   Conditions  v/hich  bring  about 
rapid  drying  will,  other  things  being  equal,  also  increase  the  drying 
capacity  of  the  dehydrator;  but  paradoxically,  a  reducticni  in  the  dr^'-ing 


_  4  - 

load  imposed  on  the  unit  may  be  the  only  feasible  method  of  shortening  the 
drying  time. 

Experimental  work  indicates  that  under  conditions.  v;hich  take.no 
account  eitht,r  of  capacity  or  economy,  blanched  spinach  may  be  driod  in 
less  than  1  hour,  riced  white  potatoes  in  2-1/2  hours,  and  blanched  cabbage 
shreds  in  2  hours.   Practical  drying  times  must  be  longer.     . 

The  factors  which  determine  the  practical  drying  time  are:   (1)  design 
of  dehydrator,  (2)  volume  cf  air-flov;,  (3)  maxim-um.  safe  temperature,  (4)  pro- 
portion of  recirculation  of  air,  (5)  rate  of  input  of  wet  product  (that  is, 
dehydrator  capacity),  (6)  weight  or  depth  ci  moist  product  carried  by  unit 
of  the  trays,  and  (7)  character  of  the  product  tc  be  dri'^d. 

.1.  Design  cf  Dehydrator 

(a)  In  gt^neral,  rapid  drying  is  favored  by  a  dehydrator  which 
assures  intimate  contact  of  the  rapidly  moving  drying  air  with 
the  product,  end  eliminates  useless  short-circuiting  of  air, 

(b)  Rapid  drying  at  reasonable  capacity  is  favi.red  by  moving 
the  air  through  the  tunnel  in  the  opposite  directic^n  to  the  flow 
of  the  product  ("counter-current"),  or  introducing  hot  air  at 
both  ends  of  the  tunnel  and  exhausting  the  cool,  mcdst  air  near 
the  center. 

(c)  Rapid  drying  is  favored  by  insulating  the  tunnel  against  - 
loss  of  heat,  and  by  eliminating  air  leakage, 

(d)  Rapid  dr;,dng  is  favored  by  moving  the  air  at  high  velocity 
over  .the  moist  product.  This  velocity  should  be  at  least  800 
linear  feet  per  minute,  .a.nd  it  may,  v/ith  advantage  be  1,000,  or 
even  1,200  linear  feet  per  minute,  at  least  in  the  i/et  end  of 
the  tunnel.  After  one-half  to  two-thirds  of  the  moisture  has 
been  removed  from  the  material, air  velocity  has  little  effect 
on  the  rate  -of 'drying, 

(e)  Rapid  drying  is  favored  by  the  use  of  dr;>'ing  trays  with 
metallic  perforated  or  mesh  bottcmis,  which  transfer  heat  by 
conduction  to  the  moist  material j  and  by  using  any  arrangt^ment 
which  causes  a  part  or  all  of  the  drying  air  to  pass  through 
the  layer  of  moist  material. 

■  2,   Volume  ef  Air-Flow  ■•  . 

Entirely  separate  from,  the  effect  referred  to  above,  a  high 
total  volurae  of  air-flow  favors  the  c.:^mbinatic.n  of  rapid  drying 
I'dth  high  drying  capacity. 


D 
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3«      Kc-xiriUin  Safe  Tenocrature 
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^  Rapid  drj^ing  is  favcrcd  if  the  inconing  air  is  heated  to  the 

highest  temperature  that  is  safe  to  use  on  the  product  in 

S  question.  This  allcivable  air  temperature  is  generally  sone- 

v/hat  higher  for  the  noist  product  than  for  the  dried,  because 

the  noist  product  stays  relativel;^'-  cool  v/hile  its  moisture  is 

evaporating  rapidly, 

4.  Proportion  of  Recirculation  of  Air 

(a)  If  a  part  of  the  air  exhausted  from  the  cool  end  of  a 
tunnel  is  returned,  nixed  vdth  the  inconing  fresh  air,  and 
reheated,  the  air  in  the  tunnel  becomes  nore  noist;  drying 
tine  becomes  longer,  but  a  -substantial  saving  of  heat  results, 

(b)  iX  hign  percentage  of  recirculation  is  ccLinon  in  fruit 
drying  tunnels,  partly  to  prevent  the  occurrence  of  "case- 
hardening",  a  condition  v/hich  develops  v/hen  dehydratir.n  is 
attempted  at  too  high  a  tenpcrature  and  too  low  a  relative 

.....  ^humidity,  .It  consists  in  the  formation  of  a  horny  shell 

%vhich  retards  both  dehydration  and  rehydration.  This  phenom/e- 
•non  is  rarely  experienced  in  the  dehydration  of  blanched 
vegetable  slices,  strips,  .?-nd  cubes  of  the  usual  dimensions, 
and  recirculation  becortes  almost  entirely  a  natter  of  cor.pro- 
nise  between  heat  economy  and  tiinncl  capacity  or  dr;^dng  time. 

Note:  Factors  2,  3,  and  4  -  Volume  of  air-flov/,  temperature,  and  pro- 
portion of  recirculation  -  taken  together,  determine  the  theoretical  majcir:um. 
drying  capacity  of  the  debydrator.   Actual  drying  performance  must  always  be 
less  than  this  theoretical  maximum.,  and  miay  bo  only  a  sm.all  fraction  of  it, 

5,  Rate  of  Input  of  ?7et  Product 

(a)  Drying  at  the  rate  referred  to  in  paragraph  A-1  r.ay  be 
realised  in  a  tunnel  dehydrator  only  by  operating  the  equip-  '"  ' 
nent  in  such  a  r-anner  that  the  air  passing  through  the  tunnel 
does  not  cool  perceptibly,  and  is  lov;  in  relative  huiiidity 
throughout  the  turinel.  These  conditions  can  be  attained  in 
ordinary  tunnel  dehydrators  only  by  diminishing  materially  the 
weight  of  TiOisture  evaporated  into  the  given  volurae  of  circulat- 
ing air  -  that  is,  by  dir.iinishing  th^.  evaporative  load,  on  the 
tuTJiol,   The  evaporative  load  rxay  only  be  decreased  by  diminish- 
ing the  weight  of  m.oist  product  charged  into  the  tunnel  per 
hoiir  —  either  by  decreasing  the  load  of  product  per  square 
foot  of  tray   surface  while  decreasing  in  a  smaller  proportion 
the  length  of  timic  a  single  truck  is  held  in  the  tunnel,  or  if 
the  tray  loading  is  m.a.intained  \m changed,  by  dirdnishing  the 
number  of  trucks  in  tne  tunnel  at  once.   The  latter  method,  car- 
ried to  the  liiTiit,  leaves  only  a  single  truck,  and  the  product 
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is  dried  as  a  batch.  Such  a  iinit  is  knovm  as  -a  cabinet 
dehvdrator.   If  a  cabinet  dehydratcr  is  operated  in  this 
yray  tc  attain  naxinun  drying  rate,  the  cost  oflicafis"" 
excessive,  T.'hile  if  neasures  are  taken  to  consc-rve  heat  — 
for  exanple,  by  recirculation  ~  drying  tir.ie  lengthens 
■  tnvj-ard  that  normally., required  in  a  tunnel. 

(b)  It  should  be  noted  that  if  the  air-flov/  r.mst  be' inter- 
rupted v;henever  a  fresh  truck  is  put  into  the  tunnel,  dr^'-ing 
substantially  stops  in  all  of  the  trucks  v/hile  the  tunnel 
remains  open.   If  this  changing  of  tinicks  takes  place  at 
short  intervals  of  tine,  the  eq\iipnent  loses  a  perceptible 
part  of  its  rated  djrj^ing  capacity.  For  cxanple,  if  effec- 
tive drj'-ing  stops  for  2  ninutes  out  of  every  15,  drying 
capacity  is  almost  10  percent  less  than  if  the  shutdcvm  is 
.   for  only  Z   minutes  out  of  every  45,  The  length  of  time  trucks 
must  be  held  in  the  tunnel  increases  proportionally.  The  im- 
provement in  drying  time  vjliich  nay   be  expected  to  result  from 
light  tray  loading  is,  therefore,  partly  offset  by  this  factor 
of  increased  shut-dov.rn  time, 

6.  ^nVeight  or  Depth  of  I.ioist  Product  Carried  by  Unit  ^irea   of  the  Trays 

(a)  Rapid  drying  is  favored  by  relatively  light  tray  lc?ading. 
Drying  rate  is  affected  but  little,  as  the  .load,ing  increases  up 
to  a  fairly  well  defined  critical  load,  but  above  that  point  it 
•  is  subst?.ntially  slov^er. 

■(b)  Rapid  drying  is  favored  by  careful  attention  tc  uniformity 
of  loading  on  tlie  trays.   Localized  heavy  leadings  Y.dll  delay 
the  coripletion  of  drying  of  an  entire  truck.  A  fev/  small  -vTet 
spots  reriaining  on  a  tray  as  a  result  of  uneven  loading  v^ill, 
if  not  picked  out,  renoisten  a  rmch  larger  quantity  of  dry  pro- 
duct and  render  it  v/orthless. 

Note:  The  main  advantage  of  a  reasonably'-  Itng  tunnel,  in  vegetable 
dehydraticn,  is  that  it  allov/s  trays  to  be  loaded  lightly,  thus  helping 
to  increase  thv  rate  of  drying,  vdthuut  unduly  decreasing  the  capacity 
of  the  tunnel.  Toe  long  a  tunnel,  on  the  other  hand,  is  difficult  to 
control,  arid  is  expensive  to  build,  riaintain,  and  operate.  Practical 
commercial  tunnels  comprom.ise  betv/een  the  extremes,  range  from  30  to  55 
feet  Icang  cvorall;  the  actual  length  occupied  by  trucks  is  usually  betv/eon 
20  and  40  feet, 

7.  Character  of  the  Product  to  be  Dried 

(a)  Regardless  of  the  amount  ^f  air  and  heat  furnished,  if 
the  r.oisture  is  difficult  to  rem.cve  because  of  physical 
structure,  high  sugar  content,  or  other  reasons,  the  dr^'-ing 
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c:ii-mct  be  rapid  or  the  drying  capacity  high.  E>55eriraental 
deterr.iinati^n  of  drying  rate  under  knovm  conditions  is  the: 
only  way  to  evaluate  the  effect  of  these  differences, 

(b)  Pieces  of  thin  cross-section  dr;^^  mere  rapidly  than  thick 
ones, 

(c)  Pieces  v/hich  give  a  parous  layer  on  the  tray  -  potato  cr 
cabbage  shreds,  or  strongly  curling  carrot  slices  -  dry   faster 
than  pieces  which  adhere  into  a  single  thick  layer,  like  non- 
curling  potato  slices,. 

(d)  "Mush"  caused  by  bruising,  careless  handling,  or  over- 
blanching  dries  ver;j-  slov;ly, 

8.  .  Boiler  Kcrsepov;er  Required 

ViTiere  neither  natural  gas  nor  fuel  oil  are  available  as  a 
source  ef  heat  for  dehydration,  it  v/ill  be  necessary  to  use 
stear.1.  The  boiler  horsepovrer  required  for  this  Vidll  vary 
according  to  the  capacity  of  the  plant.   Very  roughly,  how- 
ever, large  (30-35  tons  of  fresh,  prepared  product  per  24 
^wus.)   plants  will  require  fron  6  to  10  boiler  horsepower 
of  stear.i-generating  capacity  for  each  ton  of  vegetables  to 
•be  dried  per  24  hours.   For  smaller  installations,  nore 
boiler  horsepower  will  be  required  per  unit  of  producticm. 

Conclusion 

Conii.ercial  dehydration  riakes  practical  conpronises  between  nany 
of  the  foregoing  factors.  Local  conditions  v/ill  affect  the  rela- 
tive importance  given  to  one  or  the  other.   The  actual  drying  time, 
even  for  the  nost  easily  dehydrated  products  is  rarely  less  than  4 
houi-s  and  is  ncre  usually  5  to  6  hours.   Drying  tines  of  6  to  8 
hours  are  frequently  encountered  in  practice.  A  time  as  long  as  12 
hours  is  unnecessar;>'  for  any  conr.ion  vegetable,  in  slices,  shreds,  cr 
cubes  of  the  usual  dinensions,  if  the  final  moisture  content  need 
not  be  reduced  much  belc%Y  5  to  7  percent.   The  shorter  the  drj'-ing 
tine  for  a  given  product,  in  general,  the  higher  vxill  be  the  dehydra- 
tion cost  per  pound  '.f  product  for  heat,  power,  and  some  elenents  c-f 
labor,,  but  if  the  sliort  drj.'-ing  tLme  is  accompanied  by  increased  plant 
output  fixed  charges  per  pound  of  product  will  usually  decrease, 
partly  or  wholly  offsetting  the  higher  operating  cost. 


Packaging 


Dehydrated  vegetables  must  be  packed  in  suitable-  containers  vhich  are 
mx-isture-proof ,  moisturc-vapor-proof ,  and  insect-pr-cf .   Precautiuns  should 
be  taken  that  the  product  is  not  insect-inft;sted  before  buing  put  in  the 
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containers.   For  best  results,  the  packaging  should  be  done  in  a  room  with 
low  relative  humidity,  free  from  dust,  and  separate  from  the  operating 
part  of  the  plant.   Five-Gallon,  friction-top  tin  cans  which  are  spot 
soldered  are  ordinarily  used  as  containers  for  dried  vegetables.  Moisture- 
proof  paper  conta-iners  are  being  developed  for  the  packaging  of  these  pro- 
ducts* 

In  order  to  prevent  insect-infestation,  and  especially  the ' deposition 
of  insect  eggs  on  the  dried  products,  the  packing  room  and  the  packages 
must  be  kept  scrupulousl2v'"  clean,  and  fumigated  if  necessary.  As  an  addi- 
tional precaution,  the  products  may  be  heated  to  135"  F.  for  a  few  minutes 
immediately  before  packing.  All  packages  should  be  given  the  same  treat- 
ment, or  otheiTrise  i\migated  immediately  before  filling.  Packages  must  be 
closed  directly  after  filling. 

Army  specifications  require  that  certain  dehydrated  vegetables  must 
be  packed  under  an  inert  gas,  such  as  carbon  dioxidt;  or  nitrogvjn.  Nitrogen 
is  preferable  for  green  vegetables.  These  gases  can  be  obtained  in  cylin- 
ders and  the  :;,rL0unt3  of  gas  needed  drawn  off  through  reducing  valves  and 
flexible  tubing,   lifter  filling  the  container,  the  gas  is  allov;ed  to  flow 
freely  for  ab.  ut  15  to  20  seconds  through  a  pipe  which  reaches  to  the  bot- 
tom of  the  container.   The  friction-top  lids  are  then  immediately  put  in 
place  and  spot  soldered,  Tvro  five-gallon  cans  of  dried  vegetables  are 
packed  together  in  a  light-v^eight  box  for  shipping. 

The  packaged  material  should  be  stored  in  a  cool,  dry  place.  The 
lower  the  storage  temperature,  the  longer  the  life  of  the  pi'oduct. 

METHOD  OF  DETERJvIirJIIJG  MOIST UI?E  II'I  DRIED  VEGETABLES 

For  factory  control  v.-ork,  the  most  satisfactory  method  of  determining 
moisture  is  by  a  slight  modification  of  the  so-called  Bidwell-Sterling  tech- 
nique described  in  the  "Method  of  Analyses  of  the "Association  of  Official 
Agricultural  Chemists."  For  this,  one  w-ill  need: 

Bidwell-Sterling  moisture  apparatus 

1  small  scale  -  a  diabetic  scale  v/ill  be  suiTicicntly  accurate 
1  hand-operated  meat  grinder 
1  electric  stove 

The  BidT/ell-Sterling  apparatus  and  "diabetic"  scale  can  be  piorchased 
from  any  largti  chemical  supply  house. 

The  method  of  determination  is  as  follows: 

Grind  a  representative  sample  in  the  meat  grinder  using  thu  finest 
knife.   Irxtroduce  25-30  grams  (accurately  weighed)  of  the  ground 
sample  into  the  flask  of  the  distilling  apparatus.  Add  about 


0 

\ 


-  9  - 

120  c.c.  of  toluene  rind  connect  the  apparatus.   Fill  the  receiving 
tube  "v/ith  toluene  by  pouring  through  the  top  of  thu  condenser. 
Bring  to  a  boil  and  distill  slov/lj'-  about  2  drops  per  second  for 
20  ninutus;  thtn  increase  the  rate  of  distillation  to  4  drops  per 
second  for  10  r:orc  minutes.   Stop  the  boiling  and  v/ash  dov;n  the 
condenser  by  pouring  toluene  in  at  the  top.   If  any  v;ater  remains 
in  the  condenser,  remove;  it  by  brushing  down  vdth  a  tube  brush 
attached  to  a  copper  v/ire  and  saturated  vrith   toluene,  v;ashing 
dovm  the  condenser  at  the  same  time.   AIIot;  the  receiving  tube  to 
come  to  room  temperature;.   If  any  drops  adhere  to  the  sides  cf 
the  tube,  force  them  do\.T^   by  r.eans  of  a  rubber  band  \7rapptjd  around 
a  copper  v/ire.  Read  the  volume  of  vater  (in  cubic  centimeters) 
r.'hich  v.dll  be  the  bottom  layer  in  tht,-  receiving  tube.   Calculate 
the  percentage  of  v;ater  in  the  sample  by  the  simple  formula: 

cubic  Centimeters  of  v/ater  in  receiving  tuba  x  100  =  %  water 
weight  cf  3£jnple  taken 

Inasmuch  as  toluene  vapors  are  toxic  v/hen  inlialed  to  any  extent 
and  inf lamTiable ,  the  determinr.ti on  should  be  carried  out  in  a  well- 
ventilated  room. 

If  further  detailed  informiation  is  desired,  inquiries  should  be 
addressed  to: 

The  Dehydration  Committee 

Bureau  of  Agricultural  Chemistiy  and  Engineering 

U.  S,  Department  of  Agriculture 

Washing  ton,  D.  C, 

or  to 

The  Dehydration  Committee 

Bureau  of  Agricultural  Chemistry  and  Engineering 

U,    S.   Departrient   of  Agriculture 

bOO  Buchanan  Street 

Albany,  California 


t 


